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Introduction. Increasing the effi  ciency of thermal power plants (TPPs) and combined heat and power plants 
(CHPs) remains a key research focus worldwide. Various approaches have been explored, including the integra-
tion of advanced cycles such as steam-gas and gas-steam systems, increasing steam parameters to ultra-supercri-
tical conditions, and employing alternative working fl uids optimized for thermodynamic performance, such as 
tho se used in the Organic Rankine Cycle.

Problem Statement. The identifi cation of novel methods to deliberately modify the physicochemical and ther-
modynamic properties of the working fl uid in steam turbine power plants has the potential to enhance their effi  -
ciency without necessitating major modifi cations to system components or substantial capital investment.

Purpose. This study aims to develop a method for improving the effi  ciency, reliability, environmental sustain-
ability, and resource effi  ciency of thermal energy systems by altering the physical, chemical, and thermophysical 
properties of the working fl uid through exposure to physical fi elds.

Materials and Methods. The research has employed water and steam as working fl uids, comprehensive lit-
erature analysis, and experimental studies on the eff ects of physical fi elds on water. These experiments have been 
conducted using a thermodynamic test bench developed at the IPMash NASU. Analytical methods based on clas-
sical thermodynamics and turbomachinery theory have been applied to evaluate the impact.
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Results. The study has established that the structural rearrangement of water clusters under the infl uence of physical fi elds 
leads to measurable changes in its physicochemical and thermophysical properties. A conceptual framework has been developed 
to optimize the technological cycle of steam turbine units at various operational stages. Specifi c physical fi elds suitable for app-
lication at each stage have been identifi ed.

Conclusions. The proposed concept off ers multiple advantages, including enhanced performance of heat engineering equip-
ment and evaporative cooling systems, an estimated 5–7% increase in steam turbine cycle effi  ciency, signifi cant improvements in 
water treatment processes, and a 90% reduction in the use of chemical reagents, thereby improving environmental sustainability.

Keywords: steam turbine installation, heat transfer and thermal engineering systems, effi  ciency, physicochemical and thermody-
namic properties of water, physical fi eld interactions.

Increasing the efficiency of power generating 
units in thermal power plants (TPPs) and com-
bined heat and power plants (CHPs) remains a 
critical challenge not only in Ukraine but also 
globally. Researchers have been exploring various 
approaches to enhance performance, including the 
transition to ultra-supercritical steam parame-
ters, binary cycle integration, and the selection of 
optimal working fluids. One of the most exten-
sively studied methods involves increasing steam 
parameters to ultra-supercritical conditions, with 
initial steam temperatures rising from 600–620 C 
to 700–750 C and pressures increasing from 
30 MPa to 35 MPa. For instance, the feasibility of 
converting the K-300—240—2 turbo unit to op-
erate with fresh steam parameters of T1 = 650 C, 
P1 = 30 MPa and intermediate reheated steam at 
650 C and 7 MPa has been investigated [1]. This 
approach requires the complete replacement of the 
high-pressure cylinder with a new ultra-super-
critical high-pressure cylinder, as well as the ad-
dition of a redesigned medium-pressure cylinder, 
while preserving the original medium- and low-
pressure cylinder parameters and design. Additio-
nally, an unconventional method for raising the 
maximum cycle temperature of the K-1200—240 
steam turbine to 800 C has been proposed [2]. 
This method involves mixing superheated steam 
from the boiler with combustion products of car-
bohydrate fuel in oxygen, significantly improving 
the cycle’s thermal efficiency.

Another approach to efficiency enhancement 
involves the implementation of binary cycles, such 
as steam-gas, gas-steam [3—8], and hydrogen-steam 
cycles [9]. However, integrating such cyc les into 

power plants necessitates extensive design modi-
fications, material replacements, and sub stantial 
capital investment.

An alternative strategy focuses on selecting 
thermodynamically optimal working fluids. One 
example is the Kalina cycle [10], which employs a 
water-ammonia mixture as the working fluid. Al-
though effective in geothermal power plants, its 
application in steam turbine cycles is constrained 
by the complexity of ammonia regeneration during 
condensation in high-capacity steam turbines.

A widely adopted cycle today is the Organic 
Rankine Cycle (ORC) [11—12], which differs 
from the conventional Rankine cycle by using an 
organic liquid with a high molecular weight as 
the working fluid. ORC systems can harness a va-
riety of heat sources, including industrial waste 
heat, biomass, and geothermal energy. While ORC 
technology has proven effective for mini-CHP 
plants and waste heat recovery in industrial set-
tings, it remains impractical for large-scale power 
generation.

Consequently, water remains the most acces-
sible and effective working fluid for large-scale 
steam power plants. The efficiency of the ther mo-
dy namic cycle — particularly its thermal efficien-
cy — is fundamentally determined and constrai-
ned by the thermophysical properties of the wor-
king fluid.

Recent studies have demonstrated that modi-
fying the properties of water through exposure to 
external force fields can enhance its thermophysi-
cal characteristics. Researchers from institutions 
such as MIT (USA), I. Sikorsky NTU KPI (Uk-
rai ne), and research centers in Australia, China, 
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Italy, Slovenia, and Poland have been investigat-
ing these effects. 

Experimental results [13—17] have confirmed 
that treating water, including distilled water, with 
force fields induces changes in its viscosity, sur-
face tension, electrical conductivity, solubility, crys-
tallization kinetics, and oxygen concentration.

Moreover, several studies [18—23] have shown 
that processing the working fluid with magnetic 
fields can lead to a 20—38.98% increase in evapo-
ration rates, a 2—9% reduction in specific heat 
capacity, a 6—10% decrease in latent heat of va-
porization, and a 1.5-time enhancement in heat 
transfer efficiency. 

These findings suggest that targeted modifi-
cations to the working fluid could serve as a pro-
mising approach for enhancing the efficiency of 
steam turbine cycles without necessitating sig-
ni fi cant alterations to existing power plant inf-
rastructure.

We align with researchers who assert that any 
observed changes in the properties of water must 
stem from structural transformations. However, 
what precisely constitutes “structural changes”? 
According to one widely accepted hypothesis of 
water structure, water consists of clusters of H₂O 
molecules, most of which are interconnected by 
hydrogen bonds to form associates, while a rela-
tively small number of free molecules and an even 
smaller number of ions exist within the system. 
The extent of property modifications is thus de-
termined by the ratio of large and small associa-
tes, the balance between bound and free molecu-
les, and the proportion of free versus electrostati-
cally bound ions. While quantitatively altering 
the se ratios is feasible, the primary challenge re-
mains maintaining these structural modifications 
until the moment of practical application — a prob-
lem that has yet to be fully resolved.

At the Anatolii Pіdhornyi Institute of Power 
Machines and Systems of the National Academy of 
Sciences of Ukraine (IPMash NASU), the authors 
have conducted experimental studies on a special-
ly designed thermodynamic test stand, in which 
the key component is a hydrodynamic cavitator. 

These studies, for the first time, have demonstra-
ted the potential for significant alterations in the 
thermodynamic properties of water, both in terms 
of enhancement and reduction. The experiment 
considered the effects of flow parameters, exter-
nal fields, and climatic factors.

During water flow through the hydrodyna-
mic cavitator, the size of molecular associates de-
creases, while the proportion of free water mole-
cules increases. Additionally, partial dissociation 
of water molecules occurs. Ideally, at the device’s 
output chamber, the water should consist prima-
rily of ions and free molecules. When an external 
force field is applied, these water molecules align 
along the field, inhibiting the reformation of hyd-
rogen bonds. Due to prior molecular dissociation, 
ion-ion and ion-dipole interactions become more 
pronounced, facilitating the formation of new 
water associates with modified physicochemical 
properties. Figure 1 illustrates the molecular struc-
ture of both untreated (source) water and pro-
cessed water within the device’s chambers. The 
external force field temporarily delays the return 
of water to its original stable state, thereby sus-
taining the altered properties long enough for po-
tential application in thermal power cycles.

In the process of experimental studies, it has 
been determined that the evaporation rate of dis-
tilled water varied from –14% to +20%, while its 
specific heat capacity changed from –6% to +5% 
[24]. These findings suggest that not only water 

Fig. 1. Structure of water: a — at the input of the device; 
b — at the exit of the cavitation zone of the device; c — in 
a flat chamber with an external field (dissociation not taken 
into account)
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but also other working fluids can be influenced by 
various physical fields, extending beyond just mag-
netic fields. In steam turbine power plants, am-
monia is commonly added to feedwater to enhan-
ce corrosion resistance. Given this, it is advisable 
to study the influence of force fields on such mix-
tures. Several studies have already explored this 
topic. For example, research [23] has demonstra-
ted that the properties of ammonia-water mix-
tures are altered under the influence of a magne-
tic field. Specifically, the viscosity of an aqueous 
ammonia solution decreases after magnetization, 
with the reduction in viscosity becoming more 
pronounced as the magnetic field strength and 
magnetization duration increase. Furthermore, 
the thermal conductivity of an aqueous ammonia 
solution improves with longer magnetization 
times and higher field intensities.

Studies [25—28] have shown a significant en-
hancement in convective heat transfer when wa-
ter is exposed to ultrasound. Given that the ap-
plication of ultrasound in heat exchange systems 
simultaneously provides an effective means of 
fouling prevention, this method holds strong po-
tential for further development and industrial 
implementation.

These findings suggest that the application of 
various force fields to the working fluid at differ-
ent stages of the thermodynamic cycle of thermal 
power plants and combined heat and power plants 
could lead to efficiency improvements.

For instance, magnetic treatment of water 
can be utilized to alter the crystallography of 
scale-for ming compounds, promoting their pre-
cipitation in the form of sludge. The ultraviolet-
cavitation effect, by influencing the structure of 
associated liquids, increases the concentration 
of oxidants in water. Electrosoftening can be 
employed to enhance the precipitation of hard-
ness compounds and to reduce the consumption 
of antiscalants du ring reverse osmosis desalina-
tion through the effects of magnetic and electro-
static fields.

Additionally, the combined use of multiple phy-
sical processing methods — including magnetic, 

electrostatic, ultrasonic, and cavitation treat-
ments — can be implemented at various stages of 
the technological cycle. 

A detailed assessment will be conducted to 
evaluate the expected outcomes of force field ap-
plications within individual components of the 
steam turbine system, including the water treat-
ment system, boiler-turbine compartment, con-
denser, circulating water supply, and regenera-
tion system. This analysis allows for a comprehen-
sive examination of the potential for increasing 
efficiency, reliability, and environmental sustai-
nability in power equipment operation and the 
installation as a whole.

PHYSICAL EFFECTS BY STAGES 
IN THE WATER PREPARATION PROCESS

The process of generating heat and electricity at 
thermal and nuclear power plants begins with 
water treatment. Natural water, typically sourced 
from surface bodies, does not meet the required 
quality standards for steam boiler feedwater. The-
refore, various water treatment processes are emp-
loyed to ensure compliance with these standards, 
as the efficiency, reliability, and environmental 
sustainability of power plants depend significant-
ly on the quality of the feedwater.

The conventional water treatment scheme 
utilized at thermal and nuclear power plants is il-
lustrated in Fig. 2.

The incoming water from the water intake is 
heated (especially in winter time) and submitted 
to reactive softening, which involves treating the 
water with milk of lime and a mineral (FeSO4) or 
organic coagulant. The specified substances are 
dosed into the water in front of the contact clari-
fier 3 from the corresponding collectors 1 by do-
sing pumps 2. At the same time, temporary hard-
ness precipitates in the form of poorly soluble 
calcium carbonate. At the same time, almost all 
alkalinity is removed from the water. The calcium 
carbonate precipitate settles in the contact clari-
fier 3, in which coarse suspended particles are de-
posited. The thickened sediment is filtered on the 
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filter press 4, the formed sludge is sent to the 
dumps. After the separation of the main part of 
cal cium carbonate, the water is subjected to 
coarse filtration in granular filters 5, and then to 
two-stage ion exchange desalination in cation-
ite 6, 8 and anionite 7, 9 filters.

The primary drawback of this water treat-
ment process is the substantial consumption of 
chemical reagents and the generation of large 
volumes of waste, including reagent treatment 
sludge and highly mineralized regeneration resi-
dues from ion exchange filters. These shortcom-
ings are largely eliminated in the new feed water 
preparation scheme shown in Fig. 3.

The specified process differs from the scheme 
shown in Fig. 2 in that, instead of multi-stage ion 
exchange for water desalination, ion exchange 
softening has been applied in filter 6, followed by 
water treatment through two-stage reverse os-
mosis in units 7 and 8, and further purification in 
an electrodeionization device 9. This treatment 
method has eliminated the need for acid and al-
kali regeneration of filters and has significantly 
reduced the volume of mineralized effluents. Ho-
wever, a considerable portion (ranging from one-
quarter to one-third) of the incoming water has 

been discharged as concentrate from the reverse 
osmosis and electrodeionization stages.

The second water treatment scheme has pro-
ven particularly effective at CHP plants, where 
these concentrates can be utilized to supply dist-
rict heating networks. However, even in this case, 
the water treatment process has required the con-
sumption of reagents such as sodium chloride, li-
me milk, and antiscalants, and some stages have 
demonstrated inefficiencies.

In recent years, the authors have paid signifi-
cant attention to research aimed at improving and 
intensifying water treatment processes. Based on 
an extensive analysis of literature sources and 
previously conducted experimental studies, a con-
cept has been proposed for incorporating physi-
cal water treatment methods at various stages of 
the process.

Taking water from surface water bodies. A sig-
nificant challenge at the initial stages of water tre-
at ment has been the biological fouling of equip-
ment and pipelines, particularly by Dreissena 
mollusk colonies. In the United States alone, the 
total costs associated with combating Dreissena 
have reached USD 310 million [29]. To address 
this issue, a comprehensive method for water pre-

Fig. 2. Traditional feed water preparation scheme for high-pressure boilers: 1 — collections for 
preparing solutions; 2 — reagent dosing pumps; 3 — contact illuminator; 4 — filter press; 5 — me-
chanical filter; 6, 8 — hydrogen-cationite filters; 7, 9 — anionite filters
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treatment using ultrasonic cavitation in combi-
nation with magnetic treatment and ultraviolet 
irradiation has been developed. This integrated 
treatment, applied directly at the water intake 
before the water supply pumps to the water treat-
ment system (before device 1, Figs. 2 and 3), has 
led to the formation of small concentrations of 
strong oxidants while simultaneously disrupting 
the protective mechanisms of larvae and micro-
organisms through cavitation caverns, making 
them more vulnerable to radiation and oxidation. 
At the same time, the energy consumption for 
this process has remained relatively low (up to 
1 kWh/m³) compared to the overall energy de-
mands of the facility. It is expected that the si-
multaneous application of ultrasonic cavitation, 
ultraviolet light, and magnetic fields at the water 
intake will significantly suppress microflora and 
deter macro-organisms such as Dreissena larvae. 
As a result, pipeline and equipment fouling by mic-
roorganisms and mollusk colonies will be signifi-

cantly reduced. Consequently, energy consump-
tion for water pumping and the need for equip-
ment shutdowns for mechanical fouling removal 
are projected to decrease by 3—5%.

Water lightening. It is well established that for 
coagulation and reagent softening processes to 
proceed effectively, water must be preheated, par-
ticularly during the winter months. As noted ear-
lier, treating distilled water with force fields be-
fore the preheating heat exchanger (before devi-
ce 3, Figs. 2 and 3) has been shown to enhance heat 
exchange efficiency and facilitate water heating. 
Preliminary ultrasonic treatment of water prior 
to entering the heat exchanger has accelerated 
heat transfer by 10—30% [18]. Additionally, re-
search has demonstrated that magnetic treat-
ment of natural water significantly increases its 
clarification rate. As a result, when the water is 
clarified, not only do large particles settle, but a 
substantial proportion of small calcium carbon-
ate crystals also precipitate. Furthermore, apply-

Fig. 3. Membrane scheme of feed water preparation: 1 — solutions preparation collectors; 2 — 
dosing pumps; 3 — contact illuminator; 4 — filter press; 5 — mechanical filter; 6 — sodium-cati-
onite filter; 7 and 8 — reverse osmosis; 9 — electrodeionizer
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ing force field treatment to water before mixing it 
with softening reagents (before device 1, Figs. 2 
and 3) has prevented the formation of supersatu-
rated calcium carbonate solutions. Consequently, 
the deposition of hardness salts on equipment 
and pipeline surfaces has been reduced, leading to 
longer operational periods between maintenance 
intervals and lower electricity costs for water pum-
ping. Moreover, the filtration cycle of mechanical 
filters has been extended, resulting in water and 
energy savings during filter regeneration.

Thus, the integration of physical field treat-
ment into reagent-based water treatment proces-
ses has demonstrated significant improvements 
in the performance of clarification equipment, mi-
nimization of internal deposits, and reductions in 
both reagent consumption and electricity usage 
for auxiliary processes such as water pumping.

Water softening. The conventional method of 
reagent softening using milk of lime has signifi-
cant limitations. This process requires substan-
tial amounts of lime, consumes considerable ener-
gy (due to the need for mixing with compressed 
air), and generates large quantities of sludge that 
are unsuitable for further use.

To address these shortcomings, we have de-
veloped a method of electromembrane softening 
for natural waters, which serves as an effective 
alternative to lime-based water treatment [30]. 
In this process, water is treated in the cathode 
chambers of a membrane electrolyzer, where its 
pH increases, leading to the precipitation of tem-
porary hardness in the form of calcium carbonate 
and magnesium hydroxide. After the separation 
of these precipitates, the water is directed to the 
anode chambers of the electrolyzer, where the ex-
cess alkali formed in the cathode chambers is 
neutralized. This method has achieved a suffici-
ent level of water softening for its direct use as 
feed water for heating networks without the need 
for additional ion exchange treatment. Moreover, 
reagent consumption for pre-softening before re-
verse osmosis desalination or ion exchange de-
salination has been reduced by 90%. Additionally, 
reagent and electricity costs for water pumping 

have decreased by 5—10%, and the sludge pro-
duced during treatment (200—400 g/m³) can be 
repurposed as a raw material for the production 
of construction materials, eliminating the need 
for landfill disposal.

Ion exchange softening and desalination. Deep 
ion-exchange water softening has been used at 
CHPs for treating both feed and network water, 
while ion-exchange water desalination has been 
implemented at TPPs following traditional water 
treatment schemes.

It has been established that applying electro-
static or magnetic fields to water before ion ex-
change devices (before device 5, Fig. 2) has in-
creased the efficiency of the ion exchange process 
by 3—5%, leading to either deeper purification of 
treated water or an extended filter cycle of ion ex-
change filters by the same margin [18]. As a re-
sult, reagent consumption, resin usage, and elect-
ricity costs for the regeneration of ion exchange 
resins in ion exchange filters and the final water 
treatment plant have been reduced by 3—5%.

Reverse osmosis desalination. At several CHPs 
in Ukraine, water treatment departments have 
undergone reconstruction, replacing ion-exchan-
ge water desalination with reverse osmosis treat-
ment. To prevent the formation of scale on re-
verse osmosis membranes, which leads to their 
degradation, special reagents known as antiscal-
ants have been used. These reagents adsorb onto 
the surface of calcium carbonate crystalline nuc-
lei, inhibiting their further growth. It is likely 
that, instead of relying on chemical reagents, wa-
ter treatment before reverse osmosis (before de-
vice 7, Fig. 3) using a magnetic or electrostatic 
field could effectively prevent scale formation on 
reverse osmosis membranes. This approach would 
reduce the consumption of antiscalants for wa-
ter pre-treatment. Additionally, pretreating wa-
ter with ultrasonic vibrations has been shown to 
partially disrupt water macrostructures and in-
crease the proportion of “free” molecules, leading 
to a 5—10% increase in the performance of re-
verse osmosis modules without additional energy 
consumption.
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Electrodeionization. The final treatment of wa-
ter in new systems following two-stage reverse 
osmosis is electrodeionization. It has been estab-
lished that during electrodeionization, as well as 
during ion exchange desalination, the use of elec-
trostatic or magnetic fields for water treatment 
prior to the electrodeionization modules (i.e., in 
front of device 9, Fig. 3) has increased the effici-
ency of the process by 3—5%, thereby enhancing 
the purification of treated water. Alternatively, 
this same increase in efficiency has been observed 
in the productivity of the devices [18]. Conse-
quently, both electricity and reagents for washing 
the modules have been reduced by 3—5%.

Thus, there is a potential for a 5—10% increa se 
in the productivity of reverse osmosis modules 
when water is pre-treated with ultrasound or ot her 
force fields, which serve to reduce the proportion 
of water molecules bound in large structures. The 
application of water treatment using physical fields 
at various stages has, through its influence on the 
structural and ionic composition of aqueous solu-
tions, allowed for the following outcomes: an in-
crease in ion exchange capacities and filter cycles; 
an extension of the service life of reverse osmosis 
membranes from 3 to 9 years; a reduction in elect-
ricity consumption by 5—7%; and a decrease in 
the amount of reagents used to prevent scale for-
mation on heated surfaces, membranes, and spac-
er systems. The total expected electricity savings 
have ranged from 0.03—0.045 kWh/m³, thus re-
ducing the overall elect ricity consumption for 
internal needs. Reagent savings are expected to 
amount to 600—700 g/m³ of H₂SO₄ and 350—
450 g/m³ of NaOH, representing an 80—90% re-
duction compared to current consumption rates.

POSSIBILITIES OF INCREASING 
THE EFFICIENCY OF THE STEAM 
GENERATOR AND STEAM TURBINE

It is known that the overall efficiency and econo-
my of a steam turbine installation (STI) depend 
primarily on the performance of the steam gene-
rator and steam turbine. 

Let us now explore the potential for impro-
ving the performance of these components within 
the technological scheme of the turbine installa-
tion by utilizing the effects of physical fields (the 
first approach).

As previously mentioned, the application 
of force fields can purposefully alter the ther-
mo phy sical characteristics of water, such as its 
heat capacity and latent heat of vaporization, 
which directly influence the thermal efficien-
cy of the Ranki ne cycle, the foundational pro-
cess for the operation of the steam turbine 
instal lation.

Let us assess how the efficiency of a simp-
le, reversible Rankine cycle (Fig. 4), which 
lacks intermediate superheating of steam and 
regenerative heating of water, would be affected 
by changes in the thermodynamic properties 
of water.

The thermal efficiency of the cycle ηt is de-
fined as the ratio of added and removed heat:

 1 2 1 ,t q q q  

where: q1 is the heat supplied in the cycle; q2 is 
the removed heat.

Due to the enthalpy differences, ηt can be writ-
ten as follows:

   
      

1 4 2 3 1 4

1 4 2 3 1 4 ,
t h h h h h h

h h h h h h

      

    

where h1, h2, h3 and h4 are the enthalpies at the cor-
responding points of the cycle.

Given the fact that during the compression of 
the condensate by the pump, its temperature prac-
tically does not vary, and the work obtained in 
the turbine significantly exceeds the work of the 
pump, the enthalpy h4 is practically equal to h3 
and to h2, the work of the pump can be neglected 
for approximate calculations.

So
   2 3 1 41 .t h h h h    

Having made some transformations and giv-
en that the specific heat capacity of water and 
water vapor is a function of temperature, the rela-
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tionship for determining the thermal efficiency of 
the cycle can be presented as follows:

t 

 

     

3 1 3

5 1

5 6 5

4 6

1 ,T T

P Pw s
T T

T S S

C T dT T S S C T dT


 

   
 (1)

where ( )Ps
C T  is the specific heat capacity of the 

steam, which varies in the temperature range 
T6 – T1; ( )Pw

C T  is the specific heat capacity of wa-
ter in the range T4 – T5; S1, S3, S5, S6 are the en-
tropy at the corresponding points of the cycle; 
T5 (S6 – S5) = rs is the vaporization heat.

Let us analyze the possibility of increasing 
the efficiency of the Rankine cycle under the con-
dition of being affected by a force field in front of 
the steam generator during an isobaric-isother-
mal process (at the 4th point of the cycle, Fig. 4).

It has been assumed that a second-order phase 
transition occurs under the influence of a force 
field, as a sudden change in thermophysical (ther-
modynamic) parameters has been observed wi-
thout heat input or output.

Using the derived dependence (1), we have 
estimated the impact of an electromagnetic or 
magnetic field on water in relation to the efficien-
cy of the theoretical Rankine cycle, with parame-
ters corresponding to those of a steam turbine 
installation equipped with a K-300—25.4 turbine: 
Р1 = Р4 = Р5 = Р6 = 24.5 МРа; Р2 = Р3 = 0.004 МРа; 
t1 = 565 C; t2 = t3 = t4 =28 C; t5 = t6 = 350 C. 

Instead of the dependences Pw
C  and Ps

C , we use 
the constant average specific heat capacity of wa-
ter and steam Pw

C = 4.79 and Ps
C = 3.

In this case, a 5% increase in specific heat ca-
pacity (this exact value has been obtained in our 
experimental studies) has resulted in a 1.27% inc-
rease in the thermal efficiency of the Rankine cycle.

Of course, these results can only be conside red 
indicative (qualitative). It should also be no ted 
that for further numerical studies, it is necessary 
to account for the variation in the heat capacity 
of water and steam as a function of temperature 
at a given pressure. Therefore, numerical depen-

dencies should be approximated and expressed 
analytically under the integral sign.

The review of the literature has shown that 
changes in specific heat capacity and latent heat 
of vaporization occur in the same direction. That 
is, under the influence of a force field, a decrease 
in specific heat capacity has been accompanied by 
a decrease in latent heat of vaporization. The va-
riation in evaporation within the range of –14% 
to +20%, as obtained in our experimental studies, 
as previously mentioned, indirectly indicates the 
possibility of an increase in latent heat of vapori-
za tion and a decrease in latent heat of conden sa-
tion. Moreover, in the above calculations, the smal -
lest possible change in specific heat capacity has 
been assumed, whereas in reality, it may exceed 
5%. Considering this information, along with the 
potential for thermophysical property variations 
in the working fluid in both directions, we believe 
that utilizing these effects could significantly en-
hance the efficiency of the thermodynamic cyc-
le — potentially by up to 3%.

To enable the practical implementation of this 
approach for improving efficiency in real steam 

Fig. 4. Reverse Rankine cycle in T-S coordinates: 3—4 — comp-
 ression of nutrient water; 4—5 — water heating in the steam 
generator, 5—6—1 — steam generation and overheating of 
steam in the steam generator; 1—2 — steam expansion in the 
turbine; 2—3 — condensation of steam in the condenser
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turbine plants, further experimental research is 
required to achieve a positive effect and to broa-
den the range of variations in the thermodynamic 
characteristics of the working fluid at pressures 
and temperatures comparable to those of actual 
steam turbine cycles. Additionally, it is essential 
to scale the experimental findings while accoun-
ting for real-world factors such as working fluid 
consumption, cooling water availability, and other 
operational parameters.

It is also important to select force field para-
meters that ensure the duration of changes in the 
properties of the working fluid is sufficiently long 
to be utilized at any stage of the cycle.

Another approach to increasing the efficiency 
of a steam turbine installation has been based on 
findings obtained by researchers at the Anatolii 
Pіdhornyi Institute of Power Machines and Sys-
tems of the NAS of Ukraine. These results, deri-
ved from comprehensive studies on electrophysi-
cal phenomena in turbines, have formed the basis 
for the development of new methods and tech-
nologies that enhance both the efficiency and re-
liability of steam turbines during operation [31]. 
In this case, the problem of rational control of ther-
modynamic processes in the low-pressure cylin-
der (LPC) has been addressed as follows: impro-
ving the efficiency of steam expansion in the tur-
bine has been achieved through its activation (or 
deactivation) by locally introducing (or remo-
ving) electric or electromagnetic energy into the 
working medium.

Extensive experimental tests have demonst-
rated the high effectiveness of energy input in the 
form of artificial ionization of steam. This method 
has significantly reduced the level of supercoo ling 
and condensation instability, thereby increasing 
the efficiency of the power plant. To mitigate the 
adverse effects of electrostatic flow braking forces 
in the final stage zone, local energy removal has 
been implemented using charge neutralizers.

As demonstrated by experimental results and 
preliminary theoretical calculations, the efficien-
cy of wet-steam turbines has been improved by 
an average of 1.5—2% in these cases. Consequent-

ly, considering both approaches, the potential 
overall efficiency increase has been estimated at 
approximately 5%.

POSSIBILITIES OF IMPROVING 
THE EFFICIENCY OF THE CONDENSER 
AND CIRCULATING WATER SUPPLY SYSTEM

One of the primary methods for achieving high 
thermal efficiency in a steam turbine installation 
is to reduce the steam parameters downstream of 
the turbine. By lowering the pressure and tem-
perature of the steam exiting the turbine, the 
amount of heat transferred to the cold source de-
creases, which, as is well-known from thermody-
namics, results in an increase in the turbine’s 
power (due to a greater enthalpy difference) and 
improves the overall economy of the cycle, assu-
ming constant parameters for fresh steam.

It is well established that reducing the pres-
sure behind the turbine by 1 kPa typically results 
in approximately a 1% change in the efficiency of 
thermal power plant steam turbine installations, 
and this change can reach 1.5—2.0% for nuclear 
power plants. This increase is attributed to en-
hanced heat transfer. The pressure drop in the 
condenser is significantly influenced by the tem-
perature of the cooling water.

Building on the results of previous experimen-
tal studies (as outlined above), it can be stated 
that the treatment of circulating water with force 
fields (magnetic, electromagnetic) has led to an 
increase in water evaporation (up to 16%), which 
in turn results in a decrease in its temperature. 
This effect intensifies evaporative cooling and 
deepens the vacuum, as required by regulations, 
thereby increasing the efficiency of the turbine ins-
tallation by 0.5—1%. This also applies to thermal-
ly stressed periods of equipment operation, such 
as the summer season or during water shortages.

Under the influence of force fields, as previous-
ly noted, the amount of sediment in the conden-
ser from the circulating water side has been re-
duced, with loose sludge settling instead of stony 
sludge in the cooling system sumps.
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Furthermore, the application of ultraviolet-
cavitation and ultrasonic treatments has resulted 
in the reduction (or elimination) of organic-mi-
neral deposits in closed cooling towers, as well as 
the removal of dust-sludge and bacterial forma-
tions in open cooling towers.

These methods have significantly improved 
the operation of the circulating water supply 
system, enhanced the efficiency and reliability of 
the condenser, and optimized the evaporative 
cooling system.

USING THE EFFECTS OF PHYSICAL 
FIELDS TO IMPROVE THE OPERATION 
OF THE REGENERATIVE SYSTEM

In modern steam turbine installations, the rege ne-
ration system plays a crucial role in the thermal 
scheme of the power station. It consists of seven 
to nine regenerative steam extractions connected 
to high- and low-pressure heaters, respectively.

Many of the potential applications of physi-
cal field effects are analogous to those observed 
in wa ter treatment and boiler-turbine equip-
ment. When applying physical field influences 
within the regenerative system, it has been pos-
sible to en hance the heat content of coolants and 
improve heat exchange efficiency, primarily by 
reducing the thermal resistance of heat transfer 
during regenerative heat exchange [15, 18, 21, 
31]. Notab ly, this effect has the potential to sig-
nificantly reduce the material intensity of heat 
exchange equipment at the design and manufac-
turing stages.

Deaeration is an integral part of the regenera-
tion system. To achieve the required water deaera-
tion quality, it is necessary to maintain the tem-
perature of the treated water within the range of 
55—95 C, with water heating in the deaerator 
from 10 to 50 C. The minimum pressure of the 
heating steam must not fall below 0.12—0.15 MPa, 
and the temperature of the water undergoing de-
aeration must equal the saturation temperature 
corresponding to the pressure in the deaeration 
column (typically 104.3 C). To ensure effective 

water degassing and maintain the necessary tem-
perature regime, it is essential to heat the incom-
ing additional water.

The kinetics of deaeration have been enhan-
ced through the application of force fields (mag-
netic, electromagnetic, ultrasonic) on water clus-
ters and sludge components, similar to their ef-
fects in feedwater pretreatment. These influences 
have improved the kinetics of deaeration, leading 
to savings in heating coolant and potentially enab-
ling reductions in both temperature and pressure 
within the deaeration column.

A concept has been proposed for improving 
the efficiency of the technological cycle in a steam 
turbine plant by intentionally modifying the phy-
sicochemical and thermophysical parameters of 
the working fluid under the influence of physical 
fields. This approach is based on a review of the 
literature and the results of previous experimen-
tal studies conducted by the authors.

The research has demonstrated the feasibility 
of altering thermophysical parameters, such as 
the evaporation rate and heat capacity of flowing 
distilled water, under the influence of a magnetic 
field — both in the direction of increase and de-
crease. Complex treatment using force fields 
(mag netic, electrostatic, ultrasonic, cavitation) 
has led to the intensification of heating in the 
water-dissolved substances system, reductions in 
reagent consumption for scale prevention, and 
mitigation of organo-mineral deposits and bacte-
rial formations.

The analysis of the operation of key elements 
within the steam turbine power plant scheme has 
shown that the most significant improvements 
can be achieved in water treatment, the boiler-
turbine unit, the condenser, and the evaporative 
cooling system.

It is well established that increasing the effi-
ciency of a turbine installation enhances its ther-
mal efficiency and reduces conventional fuel con-
sumption for the generation of 1 kWh of electric-
ity. This parameter is one of the primary indicators 
for assessing the economic efficiency of steam 
turbine installations in thermal power plants 
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(TPPs) and combined heat and power plants 
(CHPs). Currently, in Ukraine, this figure stands 
at approximately 390 g.c.f./(kWh).

The implementation of the proposed con-
cept has been projected to intensify the opera-
tion of ther mal engineering equipment and eva-
porative cooling systems, reduce reagent con-
sumption, en hance environmental sustainability, 
and impro ve the efficiency of the steam turbine 
cycle by app ro ximately 5—7%. This improvement 

would bring conventional fuel consumption clo-
ser to modern European standards of approxima-
tely 300—330 g.c.f./(kWh) and potentially even 
surpass them.

Unlike conventional methods for increasing 
the cycle efficiency of steam turbine plants, the 
application of this concept does not require mod-
ifications to the design of thermal circuit compo-
nents, the use of new steels or alloys, or signifi-
cant capital investment.
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КОНЦЕПЦІЯ ПІДВИЩЕННЯ ЕФЕКТИВНОСТІ 
ТЕХНОЛОГІЧНОГО ЦИКЛУ ПАРОТУРБІННОЇ УСТАНОВКИ 
ЧЕРЕЗ ВИКОРИСТАННЯ ВПЛИВІВ ФІЗИЧНИХ ПОЛІВ НА РОБОЧЕ ТІЛО 

Вступ. Дотепер вчені в усьому світі розглядають різні шляхи підвищення ефективності роботи енергогенеруючих 
установок ТЕС та ТЕЦ через використання нових циклів, наприклад, парогазових та газопарових, підвищення пара-
метрів пари на вході до супернадкритичних, вибір оптимальних у термодинамічному сенсі нових робочих тіл — орга-
нічний цикл Ренкіна.
Проблематика. Актуальним є пошук нових рішень спрямованої зміни фізико-хімічних та термодинамічних влас-

тивостей робочого тіла паротурбінних енергоустановок, що суттєво підвищить їхню роботу без вагомих змін кон-
струкцій окремих елементів теплової схеми та істотних капітальних затрат. 
Мета. Розробка методу підвищення ефективності, надійності, екологічності та ресурсозбереження теплоенерге-

тичного й теплотехнічного обладнання за рахунок зміни фізико-хімічних і теплофізичних властивостей робочого 
тіла під дією фізичних полів.
Матеріали й методи. У дослідженні використано воду та водяну пару, проведено аналіз літературних джерел. Екс-

периментальні дослідження впливу силових полів на воду виконували на розробленому в ІПМаш НАН України тер-
модинамічному стенді. Застосовано аналітичні методи, які базуються на класичних законах термодинаміки та теорії 
турбомашин. 
Результати. Визначено, що за рахунок структурної перебудови кластерів води під дією силових полів можливо 

змінити її фізико-хімічні та теплофізичні властивості. Розроблено концепцію покращення показників технологічно-
го циклу паротурбінної установки на всіх стадіях роботи. Встановлено, які саме фізичні поля можна застосовувати 
для цього на кожній зі стадій. 
Висновки. Впровадження розробленої концепції дозволить інтенсифікувати роботу теплотехнічного обладнання, 

систем випарного охолодження та ін., підвищити ефективність паротурбінного циклу приблизно на 5—7 %, суттєво 
покращити систему водопідготовки, підвищити екологічність процесу, зменшивши використання реагентів до 90 %.

Ключові слова: паротурбінна установка, теплообмінне та теплотехнічне обладнання, ефективність, фізико-хімічні та 
термодинамічні властивості води, силові поля різної фізичної природи.




